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(57) ABSTRACT

A method for manufacturing a capacitor of a semiconductor
device includes: forming an interlayer imsulating film 1nclud-
ing a contact plug over a semiconductor substrate; forming a
first stack film including a capacitor oxide film and a nitride
film over the interlayer isulating film; etching the first stack
film to form a first stack pattern and a contact hole that
exposes the contact plug; forming a lower electrode in the
contact hole; forming a capping oxide film continuously over
the first stack pattern to form a bridge connecting the neigh-
boring first stack patterns; forming an etching barrier film
including cavities over the capping oxide film; performing a
blanket etching process onto the etching barrier film 1nclud-
ing cavities until the capacitor oxide film 1s exposed to form
a nitride film pattern; and removing the exposed capacitor
oxide film.

16 Claims, 6 Drawing Sheets
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METHOD FOR MANUFACTURING
CAPACITOR OF SEMICONDUCTOR DEVICE

CROSS-REFERENCES TO RELATED
APPLICATIONS

The priority benefit of Korean patent application number

10-2007-110707, filed on Oct. 31, 2007/, 1s hereby claimed
and the disclosure thereof 1s incorporated herein by reference
in its entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a method for manufactur-
ing a capacitor of a semiconductor device to remove a capaci-
tor oxide film without collapse of a lower electrode.

Due to rapid distribution of information media such as
computers, semiconductor devices, such as semiconductor
memory devices have been rapidly developed. Such semicon-
ductor devices are required to have a high operation speed and
a high storage capacity. Process equipment or process tech-
nology for manufacturing these semiconductor devices has
been required to provide improved integration, reliability and
clectric characteristics for data access with low manufactur-
ing cost.

As a semiconductor device becomes highly integrated, a
length and a width of a gate line of a transistor, a dielectric
film thickness of a gate line, and a junction depth of source/
drain are all reduced. As a result, a channel region of a periph-
eral circuit 1s also reduced.

As the device 1s smaller by integration of the semiconduc-
tor memory device, 1t 1s difficult to manufacture a capacitor
for securing suilicient capacitance. In order to increase a
capacitance value, amaterial having a high dielectric constant
1s used, a height of a storage electrode 1s increased or a surface
of a capacitor 1s increased. Recently, a cylinder type capacitor
whose 1nner and outer regions are used as a node region has
been widely used more than a concave type capacitor whose
inner surface of the capacitor 1s used as a node region.

The method for manufacturing the three-dimensional cyl-
inder type capacitor may include forming an nsulating layer
having a contact plug for a lower electrode over a semicon-
ductor substrate, depositing a capacitor oxide film over the
insulating layer, dry-etching the capacitor oxide film to form
a trench for the lower electrode; forming a lower electrode 1n
the trench, and performing a wet dip-out process using a wet
chemical to remove a capacitor oxide film.

When a capacitor dielectric 1s subsequently deposited on
the resultant structure, moisture penetrated between the lower
clectrodes while the wet dip-output process 1s dried. As a
result, a surface tension between the lower electrodes occurs,
thereby generating a leaning phenomenon where the lower
clectrode 1s collapsed to cause a bridge.

When a width of the lower electrodes 1s increased 1n order
to prevent collapsing of the lower electrodes, the height of the
lower electrode becomes higher for maintaining or improving
capacitance. As a result, an aspect ratio of the lower electrode
1s not reduced again causing the leaning phenomenon of the
lower electrode.

In order to prevent the leaning phenomenon, a nitride tloat-
ing pattern 1s formed over the lower electrode so that neigh-
boring lower electrodes are connected with each other as a
supporting layer.

FIGS. 1a through 1¢ are diagrams 1llustrating a conven-
tional method for manufacturing a capacitor.

Referring to FIG. 1a, an msulating film (not shown), a
capacitor oxide film (not shown) and a nitride film (not
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shown) are formed over a semiconductor substrate 11 includ-
ing a contact plug (not shown). A first photoresist pattern (not
shown) 1s formed over the nitride film (not shown). The
insulating film, the capacitor oxide film, the nitride film are
ctched with the first photoresist pattern as an etching mask to
form an isulating film pattern 12, a capacitor oxide film
pattern 13, a nitride floating pattern 14 and a contact hole (not
shown) for lower electrode that exposes the contact plug. A
conductive layer 1s formed 1n the contact hole to form a lower
clectrode 15. A capping oxide film 16, an amorphous carbon
layer 17, an anftireflection film 18 and a second photoresist
pattern 19 are sequentially formed over the lower electrode 15
and the nitride tloating pattern 14. The second photoresist
pattern has (a) a hole pattern where sidewalls of the neigh-
boring lower electrode are overlapped 1n a diagonal direction
and (b) a line & space pattern where sidewalls of the neigh-
boring lower electrode are overlapped 1n a straight line direc-
tion.

Referring to FIG. 15, the capping oxide film 16, the amor-
phous carbon layer 17 and the antiretlection film 18 are etched
with the second photoresist pattern 19 as an etching mask
until the nitride film floating pattern 14 1s exposed to form a
stack pattern comprising an amorphous carbon pattern 17-1
and a capping oxide pattern 16-1.

Referring to FIG. 1¢, the nitride floating pattern 14 1s
removed with the stack pattern as an etching mask until the
capacitor oxide film pattern 13 1s exposed. The capping oxide
pattern 16-1 and the amorphous carbon pattern 17-1 are
removed during the etching process. A washing process 1s
performed to remove the exposed capacitor oxide film 13,
thereby exposing the lower electrode 15. A zirconium-alumi-
num-zircomum (ZAZ) layer 20 1s coated by an 1sland type
(see FI1G. 2a) and by aline type (see FI1G. 2b) over the exposed
lower electrode 15.

This method requires a photo mask process for forming the
second photoresist pattern 19 1n order to remove the capacitor
oxide film 13 as shown 1n FIG. 1a. Theretore, the manufac-
turing cost increases. Moreover, 1t may not be possible to
perform a ZAZ coating process with a unmiform thickness on
the lower electrode, because the mitride floating pattern
remains over the lower electrode. As a result, 1t 1s difficult to
obtain a capacitor having uniform charge capacity.

SUMMARY OF THE INVENTION

Various embodiments of the present invention are directed
at providing a method for manufacturing a capacitor that may
include: forming an etching barrier film including cavities to
skip an expensive photo mask process; forming a nitride film
floating pattern with the etching barrier film as an etching
mask; and removing a capacitor oxide film without collapse
of lower electrodes.

According to an embodiment of the present invention, a
method for manufacturing a capacitor of a semiconductor
device may include: forming an interlayer insulating film
including a contact plug over a semiconductor substrate. A
first stack film comprising an insulating film, a capacitor
oxide f1lm and a nitride film may be formed over the interlayer
insulating film. The first stack film may be etched to form a
first stack pattern and a contact hole that exposes the contact
plug. The lower electrode may be formed 1n the contact hole.
A capping oxide film may be continuously formed over the
first stack pattern so as to form a bridge between the neigh-
boring first stack patterns. An etching barrier film including
cavities may be formed over the capping oxide film. A blan-
ket-etching process may be performed onto the etching bar-
rier film including cavities until the capacitor oxide film 1s
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exposed. As a result, a nitride film floating pattern 1s formed.
The exposed capacitor oxide film may be removed with the
nitride {ilm floating pattern as a mask.

An insulating film 1s selected from the group consisting of
a silicon oxide film, a silicon nitride film, and combination
thereol. A hard mask film may be formed over the capping
oxide film before the etching barner film 1s deposited. The
hard mask film may be selected from the group consisting of
an amorphous carbon layer, a multi-functional hard mask
film, an antiretlection film and combinations thereof.

The etching-barrier film including cavities 1s formed by
using an organic single film including cavities, an 1norganic
single film including cavities or an organic-inorganic com-
posite film including cavities. The etching-barrier film may
include repeatedly forming the single films and the composite
film. The single films and the composite film may be repeat-

edly formed so that the etching barrier film can be formed to
have a fine honeycomb shape.

The organic single film including cavities comprises an
organic compound selected from the group consisting of a
photoresist for 1-line, a photoresist for G-line, a chemically
amplified photoresist including a photoacid generator, an
organic solvent and a chemically amplified type photoresist
polymer, and combinations thereof. Any of the inorganic
single film 1ncluding cavities can be used, for example, a film
that 1s not removed by a developing process or an O, strip
process. The morganic single film including cavities com-
prises an morganic compound selected from the group con-
s1sting of a silica, a silica oxide, a silica oxynitride, a mixture
including a titanium nitride and a silica oxynitride, a tungsten
oxide, spin on glass (SOG) and combinations thereof. The
inorganic compound has an average particle size ranging
from 20 nm to 100 nm. The inorganic film included 1n the
composite film may be present 1n an amount ranging from

30% to 70%, preterably 30% to 50%, based on whole region
of the composite film.

The etching barrier film 1ncluding cavities may be covered
at a thickness ranging from about 0.3 uym to 1 um. Cavities are
required to secure a suificient etching margin in the etching
barrier film. A cavity has a diameter ranging from 10 nm to
10,000 nm. The cavities are preferably present 1n an amount
ranging from about 20% to 70%, based on the whole region of
the etching barrier film. When the diameter of the cavity 1s 10
nm or less, the hole formed 1n the nitride film floating pattern
1s small. As a result, the vacancy 1s insuilicient to prevent
removal of the capacitor oxide film. When the diameter of
cavity 1s 10,000 nm or more, the hole formed 1n the nitride
film floating pattern 1s large. As a result, the effect of the
nitride {ilm floating pattern that supports the lower electrode
of the capacitor 1s degraded, thereby collapsing the lower
clectrode 1n a wet etching process. Sometimes, when the
diameter of the cavities are 10 nm or less, the hole formed in
the nitride film floating pattern become larger because 1t 1s
overlapped with other cavities while performing a subsequent
pProcess.

The forming-etching-barrier-film-including-cavities step
may comprises: 1) implanting bubbles into the etching barrier
film while forming etching barrier film simultaneously; and
11) baking the formed etching barrier film including cavities
alter implanting bubbles. The bubble may be generated with
a chemical or physical method using a bubble generating
apparatus.

The baking process may be performed at 90° C.~300° C.,
preferably at 90° C.~130° C. or 150° C.~300° C. to remove

moisture and a solvent in the etching barrier film. A bonding,
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reaction occurs between photoresist polymers in the organic
compounds to form a bulk polymer having cavities during the
baking process.

The method for forming etching barner film including
cavities further may include removing the organic compound
in the etching barrier film after performing the baking process
when the etching barner film 1s the composite film. The
removing step may be performed by a photolithography pro-
cess 1ncluding a blanket exposing process and developing
process; or an O, strip process. For example, the composite
film may be formed over the capping oxide film, and 1t 1s
baked to form the etching barrier film. Next, the photolithog-
raphy process may be performed on the etching barrier film to
remove the organic compound, thereby forming cavities at
the portion of the organic compound. As a result, cavities
density increases in 1nside of the etching barrier film.

When the etching barrier film 1s the inorganic single film,
the etching barrier film 1including cavities may be formed by
implantation of bubbles without performing any subsequent
process. As a result, a subsequent process for etching the
nitride film may be performed with the etching barrier film as
an etching mask.

The blanket etching process for forming the nitride film
floating pattern 1s performed with an etching gas including
trifuoromethane (CHF,), argon (Ar), octatluorocyclobutane
(C,Fq), oxygen (O,) and carbon monoxide (CO). The etching
barrier film including cavities may be used as an etching
mask, and removed in the etching process. Therefore, a pro-
cess for removing the etching barrier film 1s not required.

The nitride film floating pattern has holes having a diam-
eter ranging from 10 nm to 10,000 nm. Holes may be present
in an amount ranging from about 20% to 70%, based on the
whole region of the nitride film floating pattern. As mentioned
above, when the diameter of the hole 1s 10 nm or less, the
vacancy 1s insuificient to prevent removal of the capacitor
oxide film. When the diameter of the hole 1s 10,000 nm or
more, the effect of the nitride film floating pattern that sup-
ports the lower electrode 1s degraded, thereby collapsing the
lower electrode 1n a wet etching process.

The removing the capacitor oxide film step may be per-

formed by a wet dip-out etching process using a builered
oxide etchant (BOE) solution.

A zircontum-aluminum-zirconium (ZAZ) layer may be
coated over the lower electrode supported by the nitride film
floating pattern after removing the capacitor oxide film. As a
result, 1t 1s possible to perform a ZAZ coating process with a
uniform thickness on the lower electrode, because the ZAZ
layer penetrates between the lower electrodes through the
holes of the nitride film floating pattern.

According to an embodiment of the present invention, a
semiconductor device may include: a cylinder-type lower
clectrode connected to a semiconductor substrate; and a sup-
porting layer connected to the outside of the top portion of the
lower electrode, the supporting layer including a plurality of
holes 1rregularly.

The supporting layer may be formed to have a plate shape
including a plurality of holes over the whole resulting struc-
ture except the inside ol the top portion of the lower electrode.
The hole may have a diameter ranging from 10 nm to 10,000
nm, and may be present in an amount ranging from about 20%
to 70%, based on the whole region of the supporting layer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1a to 1c¢ are diagrams illustrating a conventional
method for manufacturing a capacitor.
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FIGS. 2a and 26 are plane diagrams illustrating a top
portion of a conventional capacitor with an 1sland type coat-
ing and a line type coating, respectively.

FIGS. 3a to 3fare diagrams illustrating a method for manu-
facturing a capacitor according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF A SPECIFIC
EMBODIMENT

Referring to FIG. 3a, an interlayer insulating film 31
including a contact plug (not shown) connected to a semicon-
ductor circuit such as a transistor (not shown) and a bit line
(not shown) 1s formed over a semiconductor substrate (not
shown). An insulating film 32 1s formed over the interlayer
insulating film 31. The insulating film 32 includes, but 1s not
limited to, an oxide film, such as a silicon oxide film; a nitride
film, such as a silicon nitride film and mixture thereof.

A first stack film comprising a capacitor oxide film 33 that
determines a height of a lower electrode and a nitride film 34
1s deposited over the insulating film 32. A first amorphous
carbon layer 35 that serves as a hard mask film, a first antire-
flection film 36 and a first photoresist pattern 37 are sequen-
tially formed over the first stack film.

The capacitor oxide film includes a phosphosilicate glass
(PSG), a plasma enhanced tetracthyloxysilicate glass (PE-
TEOS) and a deposition structure thereof. The nitride film 3
1s formed with a low pressure (LP) nitride film by a chemaical
vapor deposition (CVD) method.

Referring to FIG. 35, an insulating film 32, a capacitor
oxide film 33, a nitride film 34, a first amorphous carbon layer
35 and a first antireflection film 36 are selectively etched with
the first photoresist pattern 37 as an etching mask to form a
first stack pattern comprising an insulating film pattern 32-1,
a capacitor oxide film pattern 33-1 and a nitride film pattern
34-1; and a contact hole (not shown) for lower electrode that
exposes the contact plug (not shown).

Referring to FIG. 3¢, a titanium/titanium nitride (T1/TiN)
f1lm 1s deposited 1n the contact hole to form a lower electrode
38. A capping oxide film 39 1s formed over the first stack
pattern so as to prevent flow of the composition into the space
ol between lower electrodes. The capping oxide film connects
to the outside of the top portion of the lower electrode 38 with
a bridge.

Referring to FIG. 3d, a second amorphous carbon layer 40
as a hard mask film and a second antireflection film 41 such as
a silicon oxynitride film are formed over the capping oxide
film 39. An etching barrier film 42 including cavities 43 1s
formed over the second antireflection film 41.

The etching-barrier film including cavities 1s formed by
using an organic single film including cavities, an 1norganic
single film including cavities or an organic-inorganic com-
posite film including cavities. The single film and the com-
posite {1lm are repeatedly coated so that the etching barrier
f1lm can be formed to have a fine honeycomb shape.

The organic single film including cavities comprises an
organic compound selected from the group consisting of a
photoresist for 1-line, a photoresist for G-line, a chemically
amplified photoresist including a photoacid generator, an
organic solvent and a chemically amplified type photoresist
polymer and combinations thereof. Any kind of the chemi-
cally photoresist polymer having an acid labile group can be
used. The acid labile group 1s the one that can be released by
acid generated by light exposure. For example, the photore-
s1st polymer includes, but 1s not limited to, a ROMA type
polymer having ring-opened maleic anhydride (ROMA)
repeating unit; a COMA type copolymer having a methacry-
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late or acrylate polymerization repeating unit, a cyclo-olefin
polymerization repeating unit and a maleic-anhydride poly-
merization repeating unit; and a hybrid type polymer includ-
ing the above polymers.

Any of the morganic single film can be used, for example,
a morganic single film that 1s not removed by a developing
solution or an O, strip process. The 1morganic single film
including cavities comprises an inorganic compound selected
from the group consisting of a silica, a silica oxide, a silica
oxynitride, a mixture including a titanium nitride and a silica
oxynitride, a tungsten oxide, spin on glass (SOG) and com-
binations thereof. The 1norganic compound has an average
particle size ranging from 20 nm to 100 nm. The inorganic
film 1ncluded 1n the composite film 1s present 1n an amount
ranging from 30% to 70%, preterably 30% to 50%, based on
whole region of the composite film.

The etching barrier film including cavities 1s covered at a
thickness ranging from about 0.3 um to 1 um. Cavities facili-
tate securing a sufficient etching margin in the etching barrier
film. A cavity has a diameter ranging from 10 nm to 10,000
nm. The cavities are preferably present 1n an amount ranging,
from about 20% to 70%, based on the whole region of the
ctching barrier film. When the diameter of the cavity 1s 10 nm
or less, the hole formed 1n the nitride film floating pattern 1s
small. As a result, the vacancy 1s insuificient to prevent
removal of the capacitor oxide film. When the diameter of
cavity 1s 10,000 nm or more, the hole formed 1n the nitride
film floating pattern 1s large. As a result, the effect of the
nitride film floating pattern that supports the lower electrode
of the capacitor 1s degraded, thereby collapsing the lower
clectrode 1n a wet etching process. Sometimes, when the
diameter of cavities are 10 nm or less, the hole formed 1n the
nitride film pattern become larger because it 1s overlapped
with other cavities formed while performing a subsequent
process.

The forming-etching-barrier-film-including-cavities step
may comprises: 1) implanting bubbles 1nto the etching barrier
film while forming etching barrier film simultaneously; and
11) baking the etching barrier film including cavities after
implanting bubbles. The bubble may be generated with a
chemical or physical method using a bubble generating appa-
ratus.

The baking process 1s performed at 90° C.~300° C., prei-
erably at 90° C.~150° C. or 150° C.~300° C. to remove
moisture and a solvent 1n the etching barrier film. A bonding
reaction occurs between photoresist polymers 1n the organic
compounds to form a bulk polymer having cavities during the
baking process.

The method further comprises removing the organic com-
pound 1n the etching barrier film after performing the baking
process for forming the etching barrier film when the etching
barrier film 1s the composite film. The removing step 1s per-
formed by a photolithography process including a blanket
exposing process and developing process or an O, strip pro-
cess. For example, the composite film 1s formed over the
second antiretlection film, and it 1s baked to form the etching
barrier film. Next, the lithography process 1s performed on the
ctching barrier film to remove the organic compound, thereby
forming cavities 1n a portion of the organic compound. As a
result, a cavity density increases in the etching barrier film.

The blanket exposure process 1s performed with an expo-

sure light source selected from krypton fluoride (KrF) (248
nm), argon fluoride (ArF) (193 nm), VUV (157 nm), EUV (13
nm), E-beam, X-ray and ion-beam using an exposure energy
ranging from 5 mJ/cm” to 300 mJ/cm”. The developing pro-
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cess 1s performed using an alkali developing solution such as
0.01%~5 wt % tetramethylammoniumhydroxide (TMAH)
aqueous solution.

When the etching barrier film 1s the inorganic single film,
the etching barrier film including cavities may be formed by
implantation of bubbles without performing any subsequent
process. As a result, a subsequent process for etching the
nitride film may be performed with the etching barrier {ilm as
an etching mask.

Referring to FIG. 3e, the blanket etching process 1s per-
formed on the nitride film pattern 34-1, the capping oxide film
39, the amorphous carbon layer 40, and the antireflection film
41 with the etching barrier film 42 including cavities 43 as an
ctching mask. As a result, a second stack pattern including
holes 45 1s obtained. The second stack pattern comprises a
nitride film floating pattern 34-2, a capping oxide film pattern
39-1, an amorphous carbon layer pattern 40-1, an antiretlec-
tion {1lm pattern 41-1 and an etching barrier film pattern 42-1.
Specifically, most of the patterns formed on the nitride film
floating pattern 34-2 are removed in the etching process.
Therefore, a process for removing the patterns 1s notrequired.

The blanket etching process 1s performed with an etching
gas including CHF,, Ar, C,F,, O, and CO.

The holes 45 of the mitride film floating pattern 34-2 have a
diameter ranging from 10 nm to 10,000 nm and are present 1n
an amount ranging irom about 20% to 70%, based on the
whole region of the second stack pattern. When the diameter
of the hole 1s 10 nm or less, the vacancy i1s insuilicient to
prevent removal of the capacitor oxide film. When the diam-
eter of the hole 1s 10,000 nm or more, the etfect of the nitride
film floating pattern that supports the lower electrode 1is
degraded, thereby collapsing the lower electrode 1mn a wet
ctching process.

Referring to FI1G. 3/, a wet dip-out etching process 1s per-
formed on the resultant structure with a BOE solution to
remove the capacitor oxide film pattern 33-1 positioned 1n the
lower portion of the nitride film floating pattern 34-2 without
collapse.

After the capacitor oxide film pattern 33-1 1s removed, a
/A7 layer (not shown) 1s coated over the lower electrode 38
supported by the nitride film floating pattern 34-2 having
holes 45 to manufacture a capacitor having sufficient capaci-
tance.

According to the above-described method, a semiconduc-
tor device can be manufactured that comprises: a cylinder-
type lower electrode connected to a semiconductor substrate;
a supporting layer connected to the outside of the top portion
of the lower electrode, the supporting layer including a plu-
rality of cavities irregularly.

The supporting layer may be formed except on the inside of
the top portion of the lower electrode. The cavity may have a
diameter ranging from 10 nm to 10,000 nm and 1s included by
about 20%~70%, based on the whole region of the supporting
layer.

As described above, a method for manufacturing a capaci-
tor of a semiconductor device according to an embodiment of
the present invention can skip an exposure process using an
expensive photo mask to reduce the whole process step and
manufacturing cost. Moreover, a ZAZ layer can be uniformly
coated over a lower electrode, thereby obtaining a capacitor
having suflicient capacitance.

The above embodiments of the present invention are illus-
trative and not limitative. Various alternatives and equivalents
are possible. The invention i1s not limited by the type of
deposition, etching polishing, and patterning steps described
herein. Nor 1s the mvention limited to any specific type of
semiconductor device. For example, the present mvention
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8

may be implemented in a dynamic random access memory
(DRAM) device or non volatile memory device. Other addi-
tions, subtractions, or modifications are obvious 1n view of
the present disclosure and are intended to fall within the scope
of the appended claims.

What 1s claimed 1s:
1. A method for manufacturing a capacitor of a semicon-
ductor device, comprising:

forming an interlayer insulating film including a contact
plug over a semiconductor substrate;

forming a first stack film comprising a capacitor oxide film
and a nitride film over the interlayer insulating film;

ctching the first stack film to form a first stack pattern and
a contact hole that exposes the contact plug;

forming a lower electrode in the contact hole;

forming a capping oxide film on a top portion of a structure
including the first stack pattern and the lower electrode;

forming an etching barrier film including cavities over the
capping oxide film;

performing a blanket etching process onto the etching bar-
rier film including cavities until the capacitor oxide film
1s exposed to form a nitride film pattern; and

removing the exposed capacitor oxide film.

2. The method for manufacturing a capacitor of a semicon-
ductor device according to claim 1, further comprising depos-
iting the hard mask film over the capping oxide film betfore the
ctching barrier film including cavities 1s formed.

3. The method for manufacturing a capacitor of a semicon-
ductor device according to claim 2, wherein the hard mask
f1lm 1s selected from the group consisting of an amorphous
carbon layer, a multi-functional hard mask film, an antiretlec-
tion {ilm and combinations thereof.

4. The method for manufacturing a capacitor of a semicon-
ductor device according to claim 1, wherein the etching bar-
rier film including cavities 1s formed by using an organic
single film icluding cavities, an 1norganic single film 1includ-
ing cavities or an organic-inorganic composite film including
cavities.

5. The method for manufacturing a capacitor of a semicon-
ductor device according to claim 4, the organic single film
including cavities comprises an organic compound selected
from the group consisting of a photoresist for 1-line, a photo-
resist for G-line, a chemically amplified photoresist and com-
binations thereof.

6. The method for manufacturing a capacitor of a semicon-
ductor device according to claim 4, the inorganic single film
including cavities comprises an inorganic compound selected
from the group consisting of a silica particle, a silica oxide, a
s1lica oxynitride, a mixture including a titanium nitride and a
s1lica oxynitride, a tungsten oxide, spin on glass (SOG) and
combinations thereof.

7. The method for manufacturing a capacitor of a semicon-
ductor device according to claim 4, wherein the cavities have
a diameter ranging from 10 nm to 10,000 nm, and 1s present
in an amount ranging from about 20% to 70%, based on the
whole region of the etching barrier film.

8. The method for manufacturing a capacitor of a semicon-
ductor device according to claim 4, wherein the mnorganic film
included 1n the organic-inorganic composite film including
cavities 1s present 1n an amount ranging from 30% to 70%,
based on whole region of the composite film.

9. The method for manufacturing a capacitor of a semicon-
ductor device according to claim 1, wherein forming an etch-
ing barrier film including cavities comprises:

1) implanting bubbles 1nto the etching barrier film while

forming the etching barrier film simultaneously; and
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11) baking the etching barrier film including cavities after
implanting a bubble.

10. The method for manufacturing a capacitor of a semi-
conductor device according to claim 9, wherein the baking
process 1s performed at 90° C. to 300° C.

11. The method for manufacturing a capacitor of a semi-
conductor device according to claim 9, wherein the etching
barrier {ilm 1s the organic-inorganic composite film including,
cavities; and further comprising removing the organic com-
pound 1n the etching barrier film after baking.

12. The method for manufacturing a capacitor of a semi-
conductor device according to claim 11, wherein the remov-
ing step 1s performed by a photolithography process or an O,
strip process.

13. The method for manufacturing a capacitor of a semi-
conductor device according to claim 1, wherein the blanket
etching process 1s performed with an etching gas including

10

15

10

trifluoromethane (CHF;), argon (Ar), octafluorocyclobutane
(C,Fy), oxygen (O,) and carbon monoxide (CO).

14. The method for manufacturing a capacitor of a semi-
conductor device according to claim 1, wherein the-capaci-
tor-oxide-film-removing-step 1s performed by a wet dip-out
ctching process using a buffered oxide etchant (BOE) solu-
tion.

15. The method for manufacturing a capacitor of a semi-
conductor device according to claim 1, further comprising
forming a zirconium-aluminum-zirconium (ZAZ) layer over
alower electrode supported by the nitride film floating pattern
alter removing the exposed capacitor oxide film.

16. The method for manufacturing a capacitor of a semi-
conductor device according to claim 1, comprising blocking
the contact hole including the lower electrode with the cap-
ping oxide film.
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